Recently, Harrington et al. (2013) 
I. Introduction R ecently, a group of researchers at the University of Oxford published a commentary [Harrington et al. (2013) ] in which they describe the activities they have been carrying out to introduce teenagers to Network Science. In their paper, they state:
We are continuing to conduct outreach activities across England, but the only way to make a really big impact is if these activities spread far and wide. We hope that we have whet appetites for conducting outreach activities in schools, and we encourage people to use, borrow, adapt, and improve any material in this article.
Inspired by their efforts, we have adapted the material provided by the Oxford group for using it with a high school in Madrid, Spain. Unfortunately, we have not had the time to repeat the outreach activity in different places, but we feel that the experience we had is enough for us to share the material we prepared and our experiences as to how the activity developed.
II. Methods
We worked along with the Mathematics Department of the Instituto de Enseñanza Secundaria (High School) "Blas de Otero", in a suburb of Madrid called Aluche. We first presented the subject of complex networks to the teachers and discussed with them whether they found it interesting and appealing for the students, and whether it would be a good activity for the students to appreciate both the knowledge on networks and the importance of mathematics to understand them. We also checked at what level the exposition could proceed and decide on the type of activity we would carry out. We eventually decided on two types of activities:
• an activity at our University for students aged 15 and 16 (4 • ESO, equivalent to Year 11 in England), and
• an activity at the School, for students aged 16 through 18 (1 • -2 • Bachillerato, equivalent to Years 12 and 13 in England).
We now describe the two types of activities. * Grupo Interdisciplinar de Sistemas Complicados (GISC). Website: http://www.anxosanchez.eu I. Activity at the University: Talk + workshop
In this activity, groups of students were taken to the University by their teachers. We conducted two sessions on separate days, one with 50 students and the second one with 38 students (including some who receive special attention under a program called "diversificación" (diversification) to help them keep up with the level they should have). We agreed with the teachers that they would be probably more excited about the activity if it took place at the University and that it would be nice for them to see what the University looked like. The groups came to the University by public transportation.
After guiding them to one of the lecture halls at the University (suited to the group size, not too big) we gave them a very brief introduction about the University (5 min) and then proceeded immediately with a presentation on Complex Networks and how they are present in many aspects of our lives and of our world. The presentation is available in the Web [Sánchez and Brändle (2014) ] (note that it includes both the presentation and the subsequent workshop material, see below; original Keynote presentation is available upon request). The presentation lasted about 45 minutes and we encouraged the students to ask any questions they might have, insisting that we would rather cover less material than risk not being understood. During the presentation, we tried to give examples the students could be familiar with, referring many of the concepts to the context of the internet, for instance. Then we made a break (5 min) during which we asked the teachers to divide the group in two, which they did according to the original High School classes. One of the groups remained in the same lecture hall and the other one proceeded to an adjacent one.
Then, we went through the second part of the talk, which was intended to be a workshop, in which the results were worked out among presenter and students. To this end, students were asked to bring their pens and we provided them with paper. The workshop was based on the ideas in [Harrington et al. (2013) ] but instead of focusing on one or two of the topics as they did, we tried to give the students a tour through all of them. The workshop covered the following topics:
• Network structure: building a network from the raw data, graph isomorphism, connected graphs, cycles, diameters and clustering
• Node importance: degree, betweenness and closeness centralities
• Node importance: PageRank, iterative calculation, random walk calculation
• Small world and six degrees of separation
• The friendship paradox, or why my friends have more friends than I, and the effect of weighted averages
• The configuration model • Communities and the Girvan-Newman algorithm
• Structural balance and how it relates to social or military conflicts such as WWI
• Epidemic spreading on different types of networks
• Planar graphs and Euler's theorem • Ecological networks and the role of the different species This second part was carried out in a more interactive manner, asking questions to the students and waiting for them to come up with answers that were presented to and discussed with the groups. We paused as the workshop progressed to make sure they did try to look into the answers. In some cases, such as the application of the Girvan-Newman algorithm, we gave them the lists of the shortest paths to save time.
II. Activity at the High School
The activity at the High School was programmed to be the lecture from an outside speaker in the Day of Science, and it involved approximately 100 students from 1 • Bachillerato and those in 2 • that take Mathematics. The activity took place at the main lecture hall of the High School, and it was almost full, this being another reason for not having all Bachillerato students in the activity.
In this case, the presentation proceeded without interruption. The introduction to the University was somewhat longer (10 min) and then the presenter went through the two parts of the presentation without break. During the workshop part there were a few questions posed to the audience but the level of interaction was of course much smaller than in the activity at the University.
III. Results
Globally, the two activities turned out quite well. For the students of 4 • ESO, some teachers conducted anonymous polls among their classes and the responses were all A or B. Informal conversations with some of the students after both activities supported also this impression. It appears that the activities succeeded in transmitting many of the basic concept of network science and how mathematics helps us understand their relevance to our lives. From a general viewpoint, we are quite satisfied with how things went.
Going now into the details of the activities, there are a number of points worth commenting:
• The length of the first part is too much for the activity with the youngest students at the University. There are many examples and some of them are simply too far from what they know or are familiar with. After the first session we already noticed this problem so for the next day we prepared a somewhat shorter version of the talk. Both versions are available at the website for comparison. The second day we noticed an improvement of this issue: the shortened lecture did work better with the students. For the activity at the High School, the format being closer to a usual conference, the long introduction was not a problem.
• The workshop is also too long. In the University sessions we were not able to get to the Epidemic spreading part in 1 hour, and that going a little bit too fast through the material, which made following it a little bit demanding for some of the groups. A decision needs to be made beforehand as to whether the session should be longer (probably not) or being more selective with the topics.
• The order of the topics is also not optimal. We found that beginning with simple questions about graph structure worked well, but then the students found the discussion of centrality concepts a little arid. We had though of using a graph of relationships in XVth century Florence to find that the Medici were the most central family, but discarded it because it was too complicated a graph and it would have taken too long to compute centralities. However, we now feel that it would have been better to make a less abstract discussion. There is room for improvement here.
• We never discussed the configuration model. We did not have nice examples for it, it was always something a bit complicated and given that we were running short of time, we skipped it (both presenters took the decision independently). A good pre-worked example of that would be needed to enter that topic.
• Most of the topics we covered were well received and attracted the students' attention.
• While the size of the two groups for the workshop session was manageable, it would have worked better with a third person so we could have formed three groups, or else with two people per group so discussions could be followed more closely by the presenters.
• In the High School, lecture format session, given that the amount of time was even shorter, the presenter went very quickly through the centrality part and skipped the structural balance part altogether. However, the quick pace helped the students (who were old enough) to stay focused and avoid getting bored.
IV. Closing
In closing, we are satisfied with the degree of accomplishment of the objectives we set out from the start, namely disseminating knowledge on complex networks and emphasizing the importance of mathematics both for science and for our daily lives. We will most likely repeat the activity in the future working from the lessons we learned from these first attempts, particularly in the small group formats. We believe that there is material for divulgative lectures in larger format but it has be reworked to condensate it and make it more to the point in a shorter time. In this respect, it is worth mentioning two tools that came out during the preparation of the activities (actually, after we ran the small group sessions):
• A website where strategies for vaccination and quarantining in social networks can be tried: http://vax.herokuapp.com/ This web can do precisely what we intented to do in this part (and that we never were able to get to).
• A short video on the effect of small changes on complex ecosystems: http://tinyurl.com/onoktvl. We tried this video to finish the lecture at the High School and it was an instant hit. Aside from making extremely clear the need for understanding ecological networks, it points beyond the topic of complex networks and allows to connect with complex systems. Finally, as [Harrington et al. (2013) ] did, we encourage people to use, borrow, adapt, and improve any material in this article including the presentations available on the web. We are happy to advice anybody wanting to use the material and we would very much like hearing from you if you ever use it.
